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i FINAL RESEARCH PROGRESS REPORT ON THE REVERSIBLFE. INACTIVATION ON IRON FNZYME

- WITH AMINO ACID ANTAGONIST BY MEANS OF ELFCTROLYTIC PROCESS,~ CONTRACT Nonrw

(.~ (00) « PROJECT NUMBER NR=122-075, BY SABURO KATSURA, RESFARCH ASSOCIATE, AND
HAROID F, WALTON, PROJECT SUPERVISOR, DEPARTMENT COF CHEMISTRY,

& UCIVERSITY OF COLORADO, MARCH 15, 1953.
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el . The following report covers the period from September 1, 1952, to December 31,

1952,

CONFIRMATORY STUDIES ON THE ANODIC INACTIVATION OF CATALASE WITH THIOPHENE
COMPOUNDS.

The hypothesis maintained in this laboratory that the inactivated form of cata-
lase, through the process of 4~electrode cell in presence of thienylalanine, must
have the prosthetic iron in reduced form has been further confirmed. Ferrie
chloride, substituted for catalase under the indentical procedure of electrolysis
is reduced to ferrous; the evidence of this is demonstrated by adding ortho-
phenanthroline, which gives a cheracteristic red color with ferrous ions but not
vith ferrie. The substituion for thienylalanine is also tried with amalogus com-
pounds, such as thiophene, acetylthiophene, thiophenecarboxylic acid, and found

that each of these compounds is almost equally effective in 1nact1vat1ng catalase,

REACTIVATION WITH COFPER ANCDE AND COPPER SULFATE

Catalase inactivated through electrolysis in presence of & thiophene compound
is readily reactivated vhen the solution contaning the imactivated catalase ie
subjected again to electrolysis with the copper anode. The reactivation is also
possible when the solution with inactivated catalase is treated with copper sul-
fate, (Graph 1.) The results of the use of nickel sulfate as well as silver sul-
fate to restore tho lost activity of catalase are ambiguous., These studies require
further investigation,



Graph 1. Manometric Measurement of Decomposition Velocity H,O0p with Fresh
Catalase and Imotivated and Reactivated Catalase.

Conc, Thiophens comp’d @ 1 M
Cono, Catalase ® 1.6 x o Fo™" %00,
Current passed £ 75 Coulombs.

)',

1 -« Control (Fresh catalase.)

2 = Catalase inactivated with thienylalanine.

3 « Catalans imactivated with thiophene.

4 = Catalase inactivated with acetylthiophene.

5 « Catalase insotivated with thiophens carboxylis acid.
6 « Reactivation of 2 at sopper anode,

7 = Reactivation of 3, 4, and 5, at copper anode.

8 « Reactivation of 2, 3, 4, and 5, with copper sulfate.



pH CHANGE OCCURRING IN PERICDIC CYCIE CONTROLLED THROUGH
INTERRUPTED CURFF.NT

How the constant change in H ion consentration in the conventiomal 2-electrode
cell as the result of passing ourrent through phosphate buffer caused a drastie
change in pH value of the solution has been already reported.

Graph 2 shows how the change in pH within controlled range tekes place both in
anode and cathode in j~electrode cell. The curve in this graph is meesured 30
minutes af'ter the cwrrent is passed. The curve however remains the seme even
after the 24th howr in continued electrolysis.

In this study, phosphate buffer, 5X10°% M, is used with the pH value of the
solution adjusted to 7 before the current, 5 ma, is passed. In 4=clectrode cell
;tsm lml : flovs interchangebly (msee the detail deseription im report, September

» 1951,

The automatic re-adjustment of the pH values both in anode and cathode ty the
current takes about 30 minutes after the current is commenced to flow, After
this re-adjustment, the range of pH change is automatically controlled. In
this ct;:, the extent of pH change is 6.7 to 6,75 at anode, and 7,25 to 7.30
at ca Qe

The maximun pH point, 6.75, at anode is reached at the 60th sscond, i, e,
the end of the interrupted period during of which the positive electrode is
out of ocircuit. After this period is over the positive electrode goes in
cirouit for the next 60 seconds to change the pH value from 6,75 to 6,70, the
minimm value, vhich is reached at the end of the 60th second just before the

current interruyption.

Exactly the reverse reaction takes plasce at cathode, vhich is separated with
the permeable cellophane casing in which the negative electrode is at rest vhile
the opposite electrode in the next chamber is in circuit. The pH valus in this
chamber is slightly basiec and the controlled range of change is 7.25 to 7.30.
The maximm point in the graph is reached at th4 emd of the 60th second when
the negative electrode is in circuit. The change to the minimm occurs at the
end of the interrupted 60 seconds.

In either case, anode or cathode, the periodic cycle is observed in aymmetrical
sine wave with the stablised x-axis, wvhich at anode is slightly acidic « the
optimn pH for catalase. From this curve it is obvious that the point of inflestion
in both concave-upward and dovnward must oscowr at the 30th second in each minute.



Graph 2, pH CHANGR IN 4-EIECTRCDE CELL SHOWN IN PERICDIC CYCIE.

Phosphate buffer = 5 X 1073 M
pH 7 (before current is passed)
Anodle Current, interrupted = 5 ma.
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STUDIFS ON ELFCTTOLYZED THIOPAPRE COMPOUNDS THROUGH U=V ABSORPTION SPECTRA,
POLAROGPAPHIC ANALYSIS, AND MANOMETPIC MEASUREMENT (F CATALYTIC ACTIVITY OF
CATAIASE

2=gloctrode cells:

The absorption bands of the fresh and electrolysed thiowhhxﬁna is shown
in graph 3. The fresh thienylalanine, not electrolysed, ahows its peak at 235y .
The peak is decidedly displaced after thienylalanine is electrolysed. It is
difficult to tell just where the peak is situated in electrolysed thienylalanine,
In this greaph the peak is at 2154, bubthotmpukmybofomdhoyom'bhia
range, However it is believed that this curve with displaced peak is the oxidised
form of thienylalamine. The electrolysed thienmylalanine is reducible at the
dropping mercury cathode (graph 4,) but the fresh thienylalanine is not reducible,

The absorption bands of the fresh and electrolysed thiophene, appuring
much the sane as those bands of thienylalanine, are shown in graph 5 Iah

thienylalanine, thiophens does not reduce attbedroppingwmeathodo, but
thooh:;nlgudthiopheufrmamdodusndmnttbedropphgwmuthodo,
see graph 4.

4=eloctrode cells

The absorption band of thienylalanine from anode vhere it is subjected to
electrolysis in presence of catalase still retains the peek af. 235 mu , although
the curve is greatly surpressed. Attempts have been mede to obtain the curve
with displaced pesk as in the case with 2-electrode cell Ly passing the current
as much as 75 coulombs. But the surpressed curve still retains the original

peak, (graph 6.)

The absorption in this case must have been disturbed with the presence of
catalase, At this wavelength region catalase with the concentration as low as
used in this experiment is not visible, Therefore, this surpressed curve must
be of a catalase-antagonist complex,

A polarographic amalysis of the thienylalanine electrolysed in presence of
matalass shows the reduction wave eq prominent as the thienylalanine
electrolysed without catalase, (graph 7.) The catalytic activity from this
solution is inhibited as shown in graph 1.
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Greph 6. U=V absorption of Thienylalanine electrolysed
vith catalase.

The curve with its peek at 235 mi iss
fresh thienylalanine, 1077 M.

The surpressed curve iss
thienylalanine, 10™3 M, electrolysed
in presence of catalase.
- From anode (current: 75 coulombs.)
Conc, catalase == 1,6 X 1078 mg Fe*** /fos.
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TENTATIVE CONCLUSION ON THE ANGDIC INACTIVATION OF CATALASE RESULTING IN REDUCTION
OF THE PROSTHETIC IRON AS THF RESULT OF THE OXIDATION (F THIENYIALANINE DURING THE
ELECTROLYSIS

The reaction kinetics of enzyme systems in which enzyme-substrate compounds
may be involved have been widely studied but the results have been always
doubtful; in some csses the ensyme-substrate compounds act catalytically amd
in other oases the ensyme substrate can act as inhibitors of ensymatic funcotiom.

In our experiment what we speculate as catalase-antagonist oomplex, mentioned
in pege 5 in this report, does not coms under the category of the ensyme-substrate
complex. The amino acid antagonist used in this experiment camnot be called a
substrate to catalase because the reduction of catalase iron, which immediately
results in its inastivation of catalytic activity, ocours only when electriecal
energy is used. In this case it is very likely a complex, if it actwmlly ocours,
is formed with the produst of el-ctrolysis from catalase proper and this Sormation
of complex is mot responsidbls for the inhibition of catalytic action of catalase;
the occurrence of a similar complex has been previcusly observed when allylglycine
or furylalanine is eleotrolyzed in presence of catalase but the catalytic activity
of the latter remains unchanged.

A great many details of enzymatic action have not been clarified, especially
this 1s true in the case of catelase. The chemical linkage in the proteins that
are responsible for the differentiation of the enzymatic activities cannot be
very well applied to catalase; ferrihemoglobin forms catalytically insctive
peroxide complexes while those of catalase show a tremendous activity,

When catalase is added to thienylalanins previously electrolysed nothing is
happened to catalase. In presence of thienylalanine it still shows & strong
aotivity, We speculate that the oxidation that takes place in thienylalanine
wvithout catalase at the platinm anode is a partial oxidation involving with
the thiophens ring; ultraviolet absorption band is noticeadly surpressed, or
displaces completely its characteristic peak, and this product of the initial
oxidation is reducible at the dropping mercury cathode.

Speculation of the initial oxidation of thienylalanine:
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When catalase is trapped in a permeable cellophane cesing at anode, thienyl-
alanine pgoseed to the second stage of oxidation as the ferric atom of oatalase
reduces to ferrous iron:
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oxidised oxidiged
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Catalase thus subjocted to electrolysis in presence of thienylslanine is
lost its catalytic activity. Fresh catalase is reducible at the mercwy
cathode but the catalase electrolysed with thienylalanine does not show the
reduction wave in polarograph, (grarh 2 - January 31, 1952 report.)



SPATUS (OF RESEARCH

Objective:
The reversible imsctivation of the catalytic astion of catalase with thienyl-
alanine, an antagonist of phenylalanine, by means of an electrolytis prococess.

Gensrals
the course of the study, it has been demonstrated in this laboratory
t (1) the reversible inactivation of the catalytic action of catalase can

minpmmotthimhhmm“ehctdommuud, that (2)
this 1g the first time to demonstrate the effect of an amino acid antagonist on
another compound in vitro, that (3) this is the first to demonstrate that one
form of inactivation of the catalytic action of cetalass is caused by the redustion
of its prosthetic iron, namely ferric to ferrous, and this demonstration offers

an experinmental proof to this particular problem which has been in discussion
vhether or not the oxidation=reduction system of the prosthetic groups involves
vith the catalytic activity, and that (4) this is the first time a pH sensitive
organic compound, namely catalase, which has been so far impossible to withstand
against electric cwrrent, is subjected without destroying the enzyme proper to
an electrolytic procoess by means of a specially devised /=electrode cell,

The first report, September 25, 1951, desocribed thé devise of the i-slectrode
cell, Emphasis has been lald on the fact that the imaotivation of catalytie
activity of catalase results only vhen thienylalanine is added in this process.
No inactivation has been observed in electrolysis when catalase alons is subjected.
No inactivation ocours when catalase is electrolysed in presence of phenylalanine.
Thus the research has established the first step of the principle that the antagonist
interfares with the catalase system vhile the ocounterpart has no affinity with the
enzyme. The interference results in redustion of the prosthetiec iron of catalase.

The second report, January 31, 1952, discussed the results of the catalase
inactivation caused by anslogus compounds to thienylalanine as well as sulfer
containing amino acids., This report also contained the results of the prelimimary
polarographic analysis on a few compounds used as a reducing agent to catalase,
The third report, September 1, 1952, discussed a further study of the improved
technique of the 4-electrode cell which has shoun more pronounced result than
any of the former techniques. This report contained the discussion on anodis
inactivation of catalase, experiments with platinised platinum plate, silver and
copper anodes, the current efficiency, and the produst of thienylalanine during
the electrolysis.

Saburo Katsure
Research Associate.



